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Area  C,  Cold  Regions  Maintenance  and  Operations  of  f acilities.  Work  Unit  003,  Moisture  Detec- 
tion  in  Roofs. 
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ROOF  MOISTURE  SURVEY- 
U.S.  MILITARY  ACADEMY 

Charles  Korhonen  and  Wayne  Tobiasson 


INTRODUCTION 

I he  riH)ls  atid  uppei  story  walls  of  buildings  745E, 
7S2  and  7S6  at  the  U.S  Militaiy  Atademy  in  West 
Point,  New  Votk,  were  surveyed  for  entrapped  mois- 
ture with  an  A(iA  I herniovision  750  infrared  camera 
on  the  nights  ol  I 7 and  18  April  1978,  These  multi- 
stoned  stone  and  masoniy  buildings  are  used  tor 
barracks  and  classrooms. 

On  the  viewing  screen  ol  the  AGA  infrared  camera, 
building  components  suspected  ol  containing  en- 
trapped moisture  appeal  blight,  as  opposed  to  dark 
for  dry  areas,  rhermograms  (photographs  of  the 
thermal  image  on  the  infrared  camera's  viewing 
screen)  and  daytime  photographs  are  taken  of  these 
areas.  In  this  suivey , all  suspected  wet  areas  on  the 
roofs  were  outlined  with  white  spray  paint.  Several 
.Vin.-diam  core  samples  were  obtained  of  the  roof 
membrane  and  the  insulation  to  examine  the  mem- 
brane and  insulation  and  to  verify  the  suspecte'd 
moisture  conditions.  Ihe  water  content  of  each 
core,  determined  by  weighing  a sample  before  and 
after  oven  drying  at  I 10°!  , was  expressed  in  a per- 
centage as  the  weight  ratio  of  water  to  dry  insulation. 
A Oelmhorst  mcHfel  BD-7  moisture  probe,  which 
detects  changes  in  electrical  resistance  ol  materials, 
was  used  to  determine  the  general  level  of  moisture 
in  wall  components. 

BUILDING  74SE 

Interior  building  leaks  commenced  at  building  74.Sf 
five  yeais  ago,  two  years  after  construction  of  this 
giavel  covered  built  up  roof  Water  enters  upper  story 
riKims  at  several  locations  around  the  perimeter  of 
this  building.  A thorough  visual  examination  of 
perimeter  roof  flashing  did  not  reveal  any  significant 
defects,  flowevei,  the  decorative  gla/e-coat  on  brick 
work  on  the  interior  of  the  perimeter  parapet  had 
spalled  off  in  many  liKations  (( ig  1 );  free/e  thaw 
action  was  probably  responsible.  Interior  leaks 
generally  coincided  with  these  areas  of  spalled  brick. 

It  was  understood  that  leaks  are  particularly  severe 
during  and  after  wind-di  iven  rain.  A few  years  ago 


repairs  were  made  to  the  moitar  joints  on  the  parapet 
wall  in  the  nortlieast  portion  of  this  roof  Leaks 
were  reported  there  prior  to  the  patching  but  no  leaks 
have  been  reported  since. 

During  this  inspection  an  infrared  survey  was  made 
at  night  of  the  upper  story  walls  of  this  building.  No 
thermal  evidence  of  residual  entrapped  moistuie  was 
detected  in  these  exterior  walls. 

Ihe  root  of  this  building  was  examined  in  detail, 
f rom  top  to  bottom,  this  roof  consists  of  a giavel 
covered  built-up  membrane,  1/2  in. -thick  urethani- 
insulation,  an  asphaltic  base  sheet  and  a stiucturai 
concrete  deck,  Wtien  viewed  with  the  infrared  cameia 
at  night,  most  of  this  roof  was  subtly  mottled  (i.e. 
numerous  small  light  and  dark  aieas  blended  into 
one  another).  Such  mottling  can  be  caused  by 
differences  in  the  moisture  content  of  the  insulation 
or  it  can  be  caused  by  variatiims  in  the  coloi  and/oi 
texture  of  the  surface. 

Core  samples  taken  the  following  day  in  light  and 
dark  mottled  areas  indicated  that  the  insulation  in  the 
light  areas  contained  merre  moisture  than  that  in  dark 
areas.  The  water  content  trom  a light  area  (sample  I , 
f ig.  2)  was  1 5%  and  that  from  a dark  area  (sample  M) 
was  2%.  It  is  estimated  that  over  half  ol  the  insulation 
in  this  roof  contained  about  1 .5%  moisture.  1 ests 
underway  at  CRREL  suggest  that  the  thermal  lesis 
tance  of  urethane  insulation  is  decreased  by  5 to  ItKo 
when  it  contains  1 5%  moistuie  by  weight.  I heiefoie, 
the  thermal  implications  of  this  amount  ol  moisture 
are  minor.  Removing  such  insulation  cannot  be 
justified  by  energy  conservation  alone. 

Only  one  well-defined  bright  thermal  anomals 
was  detected  with  the  infrared  camera.  I his  anomaly 
is  shown  by  the  tight  hatching  in  f iguie  2.  I igures  T 
and  4 are,  respectivelv , a thermogiam  and  a day  time 
photograph  of  this  arw.  This  thermal  anomaly  was 
much  more  intense  than  the  light  mottled  areas 
over  most  of  the  riKit  and  thus  a stronger  indication 
of  moisture.  No  samples  were  obtained  from  this 
area  but  it  is  felt  that  the  insulation  therein  contains 
substantially  more  than  1 5%  moistuie  by  weight. 

A visual  examination  of  the  membiane  and 
flashings  revealed  that  the  membiane  contained 
numeious  small  blisters,  f xcept  for  the  blisters,  the 


Figure  1.  Spalled  glared  surlaeing  on  the  Inhoard 
side  of  the  parapet  on  building  74SF.  Similar  condi- 
tions existed  on  7S2  and  756. 


Figure  2.  Plan  view  of  Building  74SE.  The  tight  hatching  indicates  an  area  of  entrapped  mois- 
ture. The  open  hatching  indicates  that  small  amounts  of  moisture  are  randomly  dispersed 
throughout  the  roof  The  arrow  and  circled  numbers  indicate  the  viewing  direction  of  f Igures 
3 and  4. 


membrane  appeared  lt>  be  in  very  h<hx1  condition. 
However,  because  of  the  blisters,  it  is  unlikely  that 
the  membrane  will  be  able  to  function  lor  its  intend- 
ed life  of  20  years  or  more. 

The  immediate  problem  of  building  leaks  appears 
to  stem  from  porous  bricks  exposed  on  the  inside 


ol  the  peiinieter  parapet.  It  is  quite  possible  that 
moisluie  within  the  rcxif  insulation  also  entered  the 
tool  at  the  parapets.  To  prevent  leaks  and  welting 
ot  building  components,  the  spalled  maurnry  should 
be  water  proofed. 
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/ iqurv  3.  IheimoQrum  ol  art  urej  in  thf  southweit 
corner  ot  buildint)  7-t  5/ , the  dashed  line  approM- 
mares  a portion  ot  the  boundary  ot  the  \set  area 
painted  on  the  root. 

Once  ihc  muiicc  h(  iiioiNluto  has  boco  flirninaU’d. 

It  nu\  bo  po\Mblo  Im  moisiuio  in  tho  uiothano  in 
sulation  to  ilisNipato  b\  oiiso  vontinjt  at  tho  poii 
motel  ol  tho  root.  Although  littlo  intormatlon  or 
o\potionto  l^  availablo  on  tho  drvinn  ability  ot 
urethane  insulation,  it  is  diuibled  that  tho  single 
vci>  ^ot  area  (I'S^d  liatihing  in  I ig  2)  will  diy  in 
this  tashion. 

Noimallv  It  would  ho  loiominondi’d  that  the 
mombiano  and  insulation  in  the  very  wot  aiea  bo 
lemosod  and  roplaood  with  div  insulation  and  a now 
mombrano.  tlowovoi,  tho  ontiio  mombiano  on  this 
rosit  IS  blistoiod  and  probably  will  lonuiro  loplasomont 
in  a low  years.  Ihoiolore,  it  is  suggosiod  that  tho 
wot  urethane  insulation  leinain  in  plaso  until  it 
becomes  nocossaiy  to  remoyo  and  leplace  tho 
membrane  and  insulation  over  tho  entire  rcHtf. 

lo  ma\imi/o  tho  remaining  usetui  life  in  tho 
blistoiod  mombiano,  toot  trallic  should  bo  kept  to 
a minimum  and  all  Hashings  and  penetrations, 
especially  those  within  the  wet  area,  should  bo 
periodically  oxammod  and,  whore  nocossaiy,  patched 
to  assure  that  no  additional  moisiuie  enters  the  riM)l. 

BUILDINl.  7S6 

Like  74SL,  building  7Sb  has  bcH'ii  plagued  with 
leaks  emanating  trom  the  upper  story  walls.  In 
cross  section,  these  walls  consist  ot  a granite  block 
exterior  backed  by  biick,  a I in.  wide  cavity  and  a 


/ igure  4.  Photograph  showing  the  sprav  painted 
boundary  of  the  wef  area  in  f igure  J. 


concrete  masonry  unit  intorioi  Just  piioi  to  this 
suiyey,  watoi  was  lopoitod  to  bo  lunning  out  onto 
tho  floor  liom  tho  base  of  tho  exteruyi  walls  in  room 
.S79.  At  that  time,  three  wall  holes  were  created  liom 
within  tho  room  in  an  elfoit  to  ascoitain  tho  source 
ol  water  ig.  .S).  Although  the  source  ol  tho  leaks 
was  not  dotoimmed  from  tho  holes,  it  was  noted 
that  the  through  wall  flashing  was  installed  incorrectly 
which  permitted  any  water  that  did  enter  tho  Lin. 
wall  cavity  Irom  above  to  collect  and  run  out  onto 
tho  floor  instead  ol  into  exterior  weep  holes 

A day  time  visual  examination  did  not  levoal 
any  defects  in  the  rcnif  membrane  or  its  flashings. 

But  the  decorative  gla/e  coat  on  the  inboard  side 
of  the  parapet  walls  had  spalled  off  in  numerous 
Icxations  (F  ig.  I).  further  investigation  revealed 
that  interior  leaks  generally  coincided  with  tho 
spalled  areas. 

Scanning  the  external  walls  of  this  building  from 
ground  level  and  tho  internal  walls  of  rcK>m  579 
with  the  infrared  camera  did  not  reveal  any  signs  of 
entrapped  moisture.  Ihe  lack  cif  insulation  in  these 
walls  diminished  the  chance  tvv  detect  mcnstuie-causocl 
thermal  anomalies.  Ihe  Delmhoist  mc>istuie  probe 
showed  that  the  interior  of  the  wall  at  the  three 
holes  in  rcnim  579  was  relatively  dry  with  the  ex- 
ception of  a slight  indication  of  moisture  in  the 
mortar  loints. 

The  roof  of  this  building  was  identical  in  cross 
section  lo  the  roof  of  building  74.5t.  It  aisc'  ex- 
hibited similar  thermal  mottling  when  viewed  with 


I 
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Figure  7.  I hermogram  of  a wet  area  on  Building  756. 


Figure  9.  Windows  of  building  752  that  protrude  from 
the  wall  creating  a flat,  horizontal  surface  at  the  top 
of  each  window.  Driving  rain  may  enter  there. 

the  infrart’d  camera  at  night.  From  the  water  con- 
tents ol  core  samples  B and  C (16%  and  2%  respective- 
ly) which  were  taken  from  light  and  dark  mottled 
areas,  respectively,  aiid  from  the  thermograms  of 
this  roof,  it  is  estimated  that  over  half  of  the  ure- 
thane insulation  on  this  roof  had  a water  content  of 
about  16%.  The  open  hatching  in  Figure  6 is  used  to 
indicate  that  this  moisture  is  located  throughout 
the  roof.  Although  16%  is  considered  more  than 
normal  (or  a roof  of  this  type,  the  thermal  implica- 
tions of  this  amount  of  moisture  arc  minor,  as  stated 
for  745E. 

I igurc  6 indicates  that  several  well-defined  wet 
areas  were  located  all  along  the  perimeter  of  this 
roof.  Sample  A,  which  had  a water  content  of 
169%,  was  taken  from  one  typical  wet  area.  Figures 


Figure  8.  Photograph  of  the  wet  area  shown  in  Figure  7. 


1 and  8 are  a thermogram  and  a photograph  of 
another  wet  area. 

The  membrane  on  this  roof  is  in  similar  condition 
to  that  found  on  building  7451..  Numerous  blisters 
indicate  that  the  membrane  is  deteriorating. 

It  appears  that  building  leaks  ate  largely  a result 
of  rain  entering  the  walls  via  spalled  parapet  bricks. 
The  spalled  bricks  should  be  repaired  and  the  entire 
inboard  side  of  the  parapet  waterproofed  to  prevent 
further  wetting  of  building  components. 

Since  it  is  expected  that  the  membrane  on  this 
roof  will  have  to  be  replaced  in  a few  years,  it  is 
recommended  that  all  the  wet  insulation  remain  in 
place  until  a new  membrane  is  necessary.  In  the 
interim,  all  fmst  traffic  should  be  minimised  and 
periodic  visual  examinations  should  be  conducted  on 
this  roof  to  locate  and  patch  any  moisture  entry 
points. 

BUILDING  752 

Interior  building  leaks  have  reportedly  occurred 
along  nearly  all  the  exterior  walls  on  the  upper  story 
of  building  752.  Leaks  have  been  particularly  severe 
near  the  windows,  especially  during  a driving  rai.i. 

Like  buildings  745E  and  756,  the  inboard  side  of 
the  parapets  is  finished  with  gla/ed  brick  which  has 
spalled  off  in  many  locations  (I  ig.  1 ).  The  resulting 
surface  is  highly  moisture  absorbent.  Rain  hitting 
this  surface  is  likely  to  be  wicked  into  the  interior 
of  the  wall  and  eventually  finds  its  way  into  the 
building. 

Fhc  window  panels  on  this  building  protrude  from 
the  surface  of  the  wall  (Fig  9).  This  creates  a flat 


riguri’IJ.  PiK>rl\  sealed  root  dram.  Water  from 
around  this  roof  dram  stained  the  carpet  heloss. 

Note  the  water  marks  on  the  underside  ot  the  deck 
adjacent  to  the  drain  pipe. 

hori/onuil  Miit.itc  .u  the  U>p  ot  the  panel  v,heie 
r.iin  vsater  eoiikl  tenipoianlv  ti'lletl  and  tun  into  the 
buildiri);  throuj’h  voids  in  the  panel  lo-wall  laulklnf; 
ioini  However,  it  is  alsj  possible  that  these  leaks 
are  caused  bs  water  which  enters  the  spalled  par.ipets, 
tuns  down  the  d in.  wide  wall  cavity  onto  the  top 
ot  the  windows  and  then  into  the  buildini;. 

Neither  the  Oelnihorst  moisture  probe  nor  the 
infrared  camera  showed  any  signs  ot  residual  moisture 
within  the  walls  ot  this  building. 

I he  r<K)l  ot  this  building  from  top  ti'  bottom 
consists  of  a gravel-covered  built-up  membrane,  1-1/2- 
in. -thick  perlite  insulation,  a 2-plv  vapor  barrier  and  a 
structural  concrete  deck,  Ihe  infrared  camera  w.is 


able  to  locate  several  areas  suspected  ol  containing 
wet  insulation.  Iheir  boundaries  were  marked  with 
white  spiav  paint.  I itteen  core  samples  were  taken 
to  verity  the  suspected  moisture  conditions.  Ihen 
locations  and  water  contents  are  shown  in  I igure  10. 
Samples  L,  G,  L,  and  R revealed  that  the  detected 
theimal  anomalies  surrounding  these  samples  were 
not  moisture-related  but  were  caused  by  heat  radiating 
Irom  adiacent  walls  or  heat  Irom  nearby  exhaust 
fans.  ( onsenuently , the  spray  painted  boundaries 
.issociated  with  samples  L,  G,  L,  and  R are  not 
shown  in  I igure  10.  Of  the  remaining  samples,  those 
indicated  as  wet  bv  the  thermograms  were  conlirmed 
to  be  wet  and  those  indicated  as  dry  were  conlirmed 
to  be  dry . I igures  1 1 and  1 2 show  a typical  thermo- 
gram  and  a photograph  ot  a detected  wet  area. 

As  noted  in  I igure  10,  a wet  rectangular  area 
surrounds  a drain  on  the  central  rcK>t  ot  this  building. 
During  the  daytime  walk-through  inspecti'  n it  was 
pointed  out  that  a prsrtion  ol  the  carpet  directly 
below  this  drain  had  been  water  stained.  Water 
stains  on  the  underside  ot  the  deck  surrounding  this 
drain  pipe  are  shown  in  I igure  1.^  Ihev  suggest  that 
water  enters  the  building  here  through  a delect  in 
the  root  membrane-to-drain  seal. 

Ihe  moisture  associated  with  the  reported  leaks 
appears  to  be  entering  through 

1.  the  spalled  brick  on  the  inboard  side  of  the 
parapets 

2.  a delect  in  the  membrane-to-drain  seal  around 
one  drain  on  the  central  roof 

3.  joints  between  the  wall  and  window  panels. 

As  a first  step  to  solving  the  w.tll  leaks,  it  is  sug- 
gested that  the  parapet  walls  be  repaired  and  water- 
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pfoutcd  Thii  miy  ti4p  somt  muiyture  within  the 
pjripet  jriii  c^use  i^ditiunal  spalling  of  the  gla/e 
coaling 

It  leaks  still  persist  at  the  windows  after  water- 
proofing the  parapets,  all  wi'sd'ow  panel-to-wall 
loiiiis  should  he  esaminerr  ^rxl,  if  necessary,  recaulked. 
It  this  tails  to  solve  the  problem,  thought  should  be 
given  to  adding  slope  to  the  top  of  each  wirsdow  to 
direct  rain  water  away  from  these  areas. 

The  roof  membrarsc  appears  to  be  in  excellent 
condition.  It  IS  not  blistered.  However,  entrapped 
moisture  can  cause  a roof  system  to  deteriorate 
rapidly  . To  achieve  maximum  life  from  this  roof 
It  IS  suggested  that  all  wet  insulation  in  the  hatched 
areas  in  Figure  10  be  cut  out  and  replaced  with  dry 
insulation  and  built-up  roofing.  Care  should  be  taken 
to  assure  that  the  membrane-to-drain  seal  for  the 
problem  drain  shown  in  Figure  13  is  made  water- 
tight. 

SUMMARY  AND  CONCLUSIONS 

The  upper-story  walls  of  building  745E,  752  and 
756  experience  leaks  during  driving  rains.  The 
window  areas  of  building  752  also  leak  during  rains. 

Since  leaks  are  believed  to  occur  only  in  the 
upper  portions  of  these  buildings,  it  does  not  seem 
likely  that  joints  in  the  stone  facade  are  the  cause 
of  the  leaks.  It  appears  that  most  of  the  reported 
leaks  originate  from  the  parapets.  The  inboard 
glared  surfacing  of  the  bricks  is  spalled  in  many 
locations.  In  most  cases  the  spalled  areas  are  directly 
above  reported  leaks. 

To  correct  wall  leaks,  the  inboard  surface  of  the 
parapet  walls  for  buildings  "’45E,  752  and  756  should 
be  repaired  and  waterproofed,  keeping  in  mind  that 
any  entrapped  moisture  may  cause  additional  spalling 
upon  freezing.  It  is  suspected  that  the  source  of 
moisture  for  the  window  leaks  in  building  752  is 
also  leakage  through  the  parapets.  However,  if  leaks 
continue  to  occur  at  the  windows  after  the  parapets 
have  been  waterproofed,  all  joints  between  the  wall 
and  window  panels  should  be  examined  and,  if 
necessary,  recaulked.  A sloped  drip-cap  might  also 
be  added  to  the  top  of  each  window  unit  to  direct 
water  away  from  that  area. 

Wet  insulation  was  found  on  all  three  roofs.  Except 
for  blisters  on  745E  and  756,  the  roof  membranes 
appeared  to  be  in  good  condition,  which  indicates 
the  possibility  of  several  more  years  of  serviceable 
life.  Because  of  the  blisters,  it  is  considered  likely 
that  the  membranes  on  745E  and  756  will  significantly 
deteriorate  over  the  next  5 years.  For  this  reason  it 


is  not  felt  wive  to  devote  effort  now  to  removal  and 
replacement  of  wet  insulation  on  these  two  roofs. 
Rather,  it  is  recommended  that  the  wet  urethane 
insulation  .emain  in  place  until  it  becomes  necessary 
to  remove  and  replace  the  built-up  membrane  and 
the  1-1/2-10. -thick  urethane  insulation  over  the  entire 
roof.  To  maximize  the  remaining  life  in  these 
blistered  membranes,  foot  traffic  should  be  kept 
to  a minimum  and  all  flashings  and  penetrations 
should  be  examined  and,  if  necessary,  patched  to 
prevent  further  wetting. 

Ihe  built-up  membrane  on  building  752  is  essen- 
tially free  of  blisters.  Since  entrapped  moisture  can 
sfii'rten  the  useful  life  of  a roof  system,  it  is  recom- 
mended that  all  wet  areas  shown  in  F igure  10  be  cut 
out  and  replaced  with  dry  insulation  and  a built-up 
membrane  If  periodic  visual  inspections  arc  conduct- 
ed and  any  defects*?atched,  many  years  of  useful  life 
should  be  obtained  from  this  roof. 
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